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Abstract

Objective—To estimate annual incidence rates (IR) of knee symptoms and four knee OA
outcomes (radiographic, symptomatic, severe radiographic and severe symptomatic) overall and
stratified by socio-demographic characteristics and knee OA risk factors.
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Methods—We analyzed baseline [1991-1997] and first follow-up [1999-2003] data (n=1,518)
from Johnston County Osteoarthritis Project. Participants are black and white adults > 45 years
living in Johnston County, North Carolina, US. Knee symptoms were pain, aching, or stiffness on
most days in a knee. Radiographic OA was K-L grade = 2 (severe radiographic =3) in at least one
knee. Symptomatic OA was symptoms in a radiographically affected knee; severe symptomatic
OA was severe symptoms and severe radiographic OA.

Results—The median follow-up time was 5.5 years. Average annual IRs were: symptoms=6%,
radiographic OA=3%, symptomatic OA=2%, severe radiographic OA=2%, and severe
symptomatic OA=0.8%. Across outcomes, IRs were highest among those with the following
baseline characteristics: age = 75 years; obese; a history of knee injury; or an annual household
income < $15,000.

Conclusion—The annual onset of knee symptoms and four OA outcomes in Johnston County
was high. This may preview the future of knee OA in the US and underscores the urgency of
clinical and public health collaborations that reduce risk factors for, and manage the impact of,
these outcomes. Inexpensive, convenient and proven strategies (e.g., physical activity, self-
management education courses) complement clinical care, and can reduce pain and improve
quality of life for people with arthritis.
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Introduction

Knee osteoarthritis (OA) is the most common type of lower extremity OA. OA incidence
studies indicate that women, older adults, and those who are obese or have a history of a
knee injury have a moderate to strongly increased risk of knee symptoms, and radiographic
and symptomatic OA (1-3). Most knee OA incidence studies have estimated associations
between risk factors and knee OA outcomes; fewer provide descriptive occurrence measures
(e.g., incidence rates [IR]). Knowing the rate of new cases entering a population potentially
indicates the current and future impact of a health condition. This is especially relevant for
knee OA because it is the primary indication for knee joint replacements, a costly medical
procedure which is one of the most common reasons for hospitalization in the United States

(4).

Previous knee descriptive studies have examined specific population subgroups (e.g., older
women, whites) (5-13). Several reported cumulative prevalence proportions which may not
account for varying follow-up time across cohort members (8). Cohort attrition is endemic
to longitudinal studies but its potential impact on estimates is largely unexamined. Some
studies occurred several decades ago and may have limited contemporary generalizability
given the current global obesity epidemic (14). Additionally, there has been little
quantification of incidence among blacks, who represent 14% of the US population and are
among the most rapidly increasing race/ethnic groups in the US (15).
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Recognizing these gaps, we estimated annual IR of knee symptoms and four knee OA
outcomes (radiographic, symptomatic, severe radiographic, and severe symptomatic knee
OA) in a more racially diverse and contemporary sample, the Johnston County Osteoarthritis
(JoCo OA) Project cohort.

Methods

Study sample

The JoCo OA Project is a longitudinal population-based investigation of hip and knee OA
occurrence and natural history. It was designed to provide data representing the population
of civilian, non-institutionalized, white and black adults age = 45 years who were permanent
residents of one of six selected townships in Johnston County, North Carolina, and were
physically and mentally capable of study completion. The institutional review boards of the
Centers for Disease Control and Prevention and the University of North Carolina School of
Medicine approved the study’s protocol. The project’s methods are described in detail
elsewhere (16).

We analyzed baseline (1991-1997) and first follow-up (1999-2003) data. At both baseline
and follow-up, participants completed an in-home interview, clinical examination, and
another in-home interview approximately two weeks following the initial interview.
Bilateral anteroposterior knee radiographs with weight bearing and foot map positioning
were obtained during the clinic examination. A single bone and joint radiologist (JBR) --
with high reliability (interrater and intrarater weighted kappa = 0.86 and 0.89, respectively)
-- read the radiographs using Kellgren-Lawrence (K-L) grades (17, 18).

Anticipated attrition (“reduction in number of participants as study progresses”(19)) was
minimized using various strategies (e.g., annual newsletters, personal networks of
participants and JoCo OA Project staff, local advertising, medical providers, and community
inquiries). Participants’ deaths were identified through the National Death Index (NDI)
which is the most complete source of US mortality data (estimated completeness=99%) (20).

Outcome definitions

We estimated IRs for five knee outcomes: symptoms and four types of OA (radiographic,
symptomatic, severe radiographic and severe symptomatic). People rather than knee joints
were the analytic unit because people are the focus of clinical and public health systems. For
each outcome, an incident case was someone who did not have the outcome in either knee at
baseline but did, in at least one knee, at first follow-up.

Knee symptoms were defined as “yes” to “On most days, do you have pain, aching, or
stiffness in your (right, left) knee?” Those responding “yes” were asked “Is the pain in your
(right, left) knee mild, moderate, or severe?” Radiographic and severe radiographic OA were
defined as Kellgren-Lawrence (K-L) grade =2 and =3, respectively. Symptomatic knee OA
was defined as both radiographic OA (K-L grade =2) and symptoms in the same knee;
severe symptomatic was defined similarly except radiographically affected knee pain was
severe. Those with a radiographically identified total knee replacement (TKR) (<1% of JoCo
OA Project participants at baseline) were classified as having all five outcomes. (21)
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Our study’s purpose was to estimate incidence; therefore, those with the outcomes of
interest at baseline (either knee symptoms and radiographic OA combined, or TKRs
[n=150]) were ineligible and excluded from all analyses (Table 1). Of the remaining eligible
2,918 participants, approximately half (1,518) had complete baseline and follow-up data
(Table 1; Appendix). For each outcome, we analyzed a specific subset that excluded those
who had the outcome of interest at baseline (e.g., respondents with baseline symptoms and
KL grade < 2 were ineligible for the symptom analysis). Throughout this report, we use
‘baseline only’ (n=1,400) and ‘analytic’ (n=1,518) to refer to those present at baseline only
and both baseline and first follow-up, respectively.

Statistical analyses

We described the analytic population (weighted sample) by examining the baseline
distribution of: self-reported socio-demographic characteristics (age, sex, race, marital
status, highest education, annual household income); three knee OA risk factors (body mass
index [BMI] at age 18, baseline BMI , and knee injury history); and presence and severity of
symptoms. Age was examined in four categories: 45-54, 55-64, 65-74, = 75 years, and
baseline BMI (kilograms/meter2) was examined in three (under/normal weight [<25];
overweight [25-<30]; obese [>30]) and four (under/normal weight [<25]; overweight [25-
<30]; obese class I [30-<35] and = Il [>35]) categories. History of knee injury was
ascertained during clinic examination with: “Have you ever injured your (right, left) knee?”

IRs—We estimated IRs and 95% confidence intervals (Cl) overall and by each of five
socio-demographic characteristics (age, sex, race, highest education, annual household
income) and the three knee OA risk factors described above. Then, we repeated this
stratified analysis, further stratified by race. For each outcome, we estimated overall crude,
age-, and age- and sex- standardized IRs. We generated crude estimates to indicate the true
or actual annual number of new cases which may be most useful for public health practice,
and standardized estimates (age groups 45-54, 55-64, 65-74, = 75 years in 2000 projected
US population) to facilitate comparison with other studies (22, 23).

We computed IRs using estimated regression parameters (i.e., intercepts and slopes) from
log-linear count models. These methods are described in detail elsewhere (24). Our method
yields values close to manual calculation of IRs (number of new cases/number of person-
years) which we believe previous studies used to calculate IRs. We used a log-linear count
model -- a generalized form of the Poisson regression model -- because the former
accommodates clustering from the complex sampling design and also allows for
overdispersion (i.e., log-linear count model allows for greater variability in data distribution
than a Poisson model). Models included an offset of the log of each participant’s observation
time to account for participants’ variable observation time. For each outcome, we ran 17
models: one model for the overall estimate, eight separate models for each independent
variable [five socio-demographic variables and three knee OA risk factors described in
previous paragraph], and eight separate models for the race-specific analysis of the four
socio-demographic variables [excluding race] and three knee OA risk factors. Race-specific
models included an additional race parameter but did not include an interaction term
because, for most variables, we lacked sufficient sample size (and corresponding statistical
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power). We used a model-based approach to facilitate Cl estimation that fully accounted for
the complex survey design (described below) and significance testing.

Attrition sensitivity analysis—To identify the potential impact of cohort attrition on
results, we compared the distributions (weighted) of characteristics in the analytic and
baseline only populations and tested for statistically significant differences (a= 0.05) in the
distribution of these populations using a y? test for complex survey data (25). We interpreted
any statistically significant difference as a potential source of selection bias. We did not
adjust this test for multiple comparisons to detect all potential sources of attrition. Upon
identifying characteristics that were significantly different, we estimated IRs that were
adjusted using the distribution of these characteristics (i.e., adjusted marginal estimates (26))
for the entire baseline population; i.e., we calculated an overall IR by generating a stratified
model, weighting model coefficients with the corresponding proportions from the weighted
distributions of these characteristics in the entire baseline sample.

Income imputation—Of all baseline characteristics studied, income had the highest
proportion of missing values. Therefore, we conducted multiple imputation using R version
3.0 to assess the impact of missing income values using the following baseline variables in
the model: socio-demographics (age [categorical], sex, race, marital status, education), knee
OA risk factors and outcomes (BMI at age 18 and study baseline, history of knee injury, K-
L grade, knee symptom severity), characteristics potentially associated with income (home
ownership, home dwelling type (single family, apartment), employment status (employed,
unemployed, retired, disabled), health insurance type (private, public, none/other)), personal
health characteristics (alcohol use [none, <3, =3 drinks per week], smoking (never, former,
current), physical activity <10, =10 minutes/week), and chronic conditions [history of
stroke, cancer, lung disease, or heart disease]), and sample design information (stratum and
median income per primary sampling unit). Primary sampling units (PSUs) were clusters of
households along streets where a street was defined as the full length of a named
thoroughfare. Within townships, PSUs were stratified by street characteristics (urban/rural
and racial/ethnic composition)(16). We estimated average annual IRs using five multiply-
imputed datasets; results were combined and adjusted to account for nonresponse and
imputation (27).

Sample weighting—JoCo OA Project data are based on a complex sampling design
involving varying selection probabilities, sample stratification, and cluster sampling. We
accounted for the complex survey design as follows. We applied sampling weights in all
analyses so that estimates fully accommodate the varying selection probabilities and
differential response rates among members of the chosen sample and are thus representative
of the population in the six Johnston County townships. The final weighted sample of
respondents was calibrated to 2000 census population counts for the target area. The study’s
sampling and weighting methods are described in detail elsewhere (16).

Statistical analyses were performed using SUDAAN version 10.0 (28), SAS version 9.2
(29), and R software version 2.14 (30). We tested for statistically significant differences in
IRs using a Wald test; variances were estimated using jackknifing to account for the
sampling design (31). 95% Cls were estimated using jackknifing, a replication method that
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accounts for the stratification and clustering of the survey’s complex design(30, 31).
Furthermore, a finite correction was applied to adjust for sampling without replacement
(31). Unadjusted p-values are presented, but we adopted a Bonferroni correction to adjust
for multiple comparisons: a=0.00125 as the significance level (a=0.05/40 [5 OA outcomes
* 8 independent variables]). For race-specific analyses we used the same significance level
(a=0.00125) which is slightly more conservative than using a specific Bonferroni correction
for the race-specific models (a=0.05/35=0.0014 [5 OA outcomes * 7 independent variables).

Population characterization

Median follow-up for the analytic population (n=1,518) was 5.5 years (range 3-13 years).
At baseline, the population was predominantly women (58%), white (79%) and < 65 years
(80%)(Table 2). Most were married (72%) and had completed at least high school (89%). A
quarter (24%) had an annual household income of < $15,000, and 29% > $35,000; income
was unknown for 17%. Whereas only 10% were overweight or obese at age 18, most were
overweight (43%) or obese (27%) at baseline. Among those who were obese, a third were
Class = Il (BMI = 35). One in six respondents reported an injury in at least one knee. Of the
36% who reported knee symptoms on most days, 17% (6% of entire analytic population)
reported severe symptoms.

Annual IRs

We have reported annual IRs as percentages, which is equivalent to number of cases per 100
person-years. Statistical significance level was a=0.00125.

Overall—Across the five outcomes, IRs were highest for symptoms (5.6%; 95% CI=5.1-
6.1) followed by radiographic OA (2.8%; 95% CIl=2.5-3.2), symptomatic OA (2.1%; 95%
Cl=1.9-2.4), severe radiographic OA (1.7%; 95% CI=1.5-1.9), and severe symptomatic OA
(0.8%; 95% CI1=0.7-0.9) (Table 3). For each outcome, crude and age-standardized IRs were
nearly identical (Table 3). Age- and sex- standardized estimates were similar to crude IRs
for symptoms, symptomatic, and severe symptomatic OA, but slightly higher for
radiographic (3.6% and 2.8%) and severe radiographic OA (2.2% and 1.7%) (Table 3).

Socio-demographic characteristics

Age—For all outcomes, age-specific IRs were highest among those age = 75 years
compared with the youngest age group (45-54) (Table 3). IRs for radiographic,
symptomatic, and severe radiographic OA rose with increasing age; IR differences for
radiographic and severe radiographic OA were statistically significant.

Sex—Sex-specific IRs were slightly higher for women for symptoms, symptomatic OA and
severe symptomatic OA, but differences were not statistically significant.

Race—~Race-specific IRs were slightly higher for blacks for symptoms, symptomatic OA,
and severe radiographic OA, differences were not statistically significant.
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Highest educational attainment—IRs for radiographic and severe radiographic OA IRs
declined with rising levels of education, but were only significantly different for severe
radiographic OA.

Annual household income—Among those with known income, IRs decreased with
increasing household income (Table 3) for most outcomes, but this was statistically
significant only for knee symptoms. The magnitude and pattern of IRs were the same in the
primary and income imputed analysis (data not shown).

Knee OA risk factors

Self-reported BMI at age 18—IRs for severe radiographic OA were twice as high among
those who were overweight/obese compared with those who were under/normal weight at
age 18 (IRs=3.0 [95% Cl=2.2-4.1] and 1.5 [95% CI1=1.3-1.8], respectively) (statistically
significant difference). They were similar for each of the other outcomes.

Clinically measured BMI at baseline—Across all five outcomes, IRs rose consistently
with increasing BMI level; for four OA outcomes (radiographic, symptomatic, severe
radiographic, severe symptomatic), IRs for the three major BMI categories (under/normal
weight, overweight, and obese) were statistically significant different. Findings were similar
when BMI was examined in four categories (under/normal weight, overweight, obese class
I, and obese class = 1), except that radiographic OA were not statistically significant
different.

History of knee injury—Whereas IRs for symptoms did not differ, IRs were significantly
higher among those with a history of knee injury across each of the four OA outcomes
(Table 3).

Race-stratified analyses

With few exceptions, IRs were slightly higher in magnitude for blacks than whites (Table
4)]. The largest difference in the magnitude of race-specific IRs across the five outcomes
was for symptoms, where IRs were approximately 1 to 1.5 percentage points higher among
blacks than whites in all analyses. Across all socio-demographic and risk factors, patterns in
race-specific IRs and significant differences (at Bonferroni adjusted a=0.00125) were
similar to the overall sample (Tables 3 and 4).

Attrition sensitivity analysis—Characteristics of the baseline only and analytic
populations overall and for each of the five outcomes are presented in Appendix Table.
Comparison of the overall baseline only and analytic populations indicated a statistically
significant difference (¢=0.05) in seven characteristics (age[categorical], sex, race, marital
status, education, annual household income, baseline BMI, and symptom presence);
symptom severity also differed but was not included because it is a component of three of
the outcomes. None of the overall IRs (adjusted marginal estimates for the entire baseline
population) differed significantly from the crude IRs from the primary analyses; the
magnitudes of IRs for three of the five outcomes (knee symptoms and radiographic and
symptomatic OA) were nearly identical (Table 3).
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Discussion

Average annual IRs of knee symptoms and radiographic, symptomatic, severe radiographic
and severe symptomatic knee OA were 6, 3, 2, 2, and 1%, respectively (median follow-up =
5.5 years). (Table 3). Across all outcomes, IRs were highest among the eldest and those who
were obese, had less than a high school education, and had a knee injury history. Among
those reporting income, IRs were generally highest among those with the lowest income.
This is among the first study to systematically generate race-specific estimates for multiple
knee OA outcomes: IRs for knee symptoms among blacks were typically 1-1.5 percentage
points higher than whites (Tables 3 and 4).

Patterns in IRs for age, BMI (baseline) and knee injury history were consistent with previous
incidence studies (1, 32). Women in our study had slightly higher, but not statistically
significantly different, IRs. Similar to one of the only studies of socio-economic status (SES)
and incident OA, lower SES predicted increased incidence (33). Whereas lower education
was a risk factor for two radiographic outcomes, low income was a risk factor for all
outcomes except severe symptomatic OA.

Across previous studies, IRs= 6-8% for knee symptoms, 2—-4% for radiographic OA, 0.1-
1.0% for symptomatic OA, and 2.5-4% for severe radiographic OA (3, 5-9, 13, 33-36); we
did not find estimates in the literature for severe symptomatic OA. Overall, our IRs for
symptoms and radiographic OA are within Cls of estimates from previous studies (3, 6, 33,
34, 36) but our IRs for symptomatic knee OA are 10-fold higher than previous US studies
(5, 9, 34). Although previous studies have defined symptomatic OA based on pain only
(rather than pain, aching, or stiffhess in this study), the comparable IRs for knee symptoms
across studies suggests that our higher IRs for symptomatic OA is not attributable to this
difference in definition. Three differences in our populations may account for this. The JoCo
OA population: 1) included blacks, who had slightly higher IRs than whites; 2) had lower
income (1989 median income was almost $5,000 lower than the US population (37)), which
is associated with higher IRs, and 3) was more obese (at baseline, 27% of the JoCo
population was obese, which is higher than the prevalence in previous generations of
middle-age and older US adults (38)), which is also associated with higher IRs. Our average
annual IRs were lower than those from another recent analysis of radiographic OA incidence
in the JoCo OA Project, but that study reported cumulative incidence for joints rather than at
the person level (11).

We used a log-linear count model -- a generalized form of the Poisson model -- because the
former accommodates the clustering from the complex sampling design and also allows for
overdispersion (i.e., the log-linear count model allows for greater variability in distribution
of data than a Poisson model allows). Similar to the IRs estimated in previous studies of
knee incidence, our use of the log-linear model assumes that estimates are not
underestimated because of interval censoring (i.e., unknown date of condition onset) and
that IRs are constant over follow-up time.

Potential limitations of our study include the following. First, in longitudinal studies, cohort
attrition is inevitable and may result in attrition bias. Our sensitivity analyses, which
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assumed that data were missing at random, accounted for differential attrition from baseline
and first follow-up across age, race, sex, BMI, marital status, and income. The IRs in the
primary and sensitivity analyses were the same indicating no evidence of bias. To our
knowledge, this is the most in depth analysis of potential attrition in knee OA IRs to date.
Second, self-reported measures (e.g., injury) may lead to recall bias; however, we observed
patterns consistent with previous studies suggesting reasonable construct validity (1, 39).
Third, we had sufficient sample size to detect statistically significant differences in IRs for
some known risk factors (e.g., age, BMI) but the precision of some subgroup estimates was
low because of small sample sizes (e.g. obesity class = 11 IRs). Also, we did not examine
differences in patterns of association (i.e., interactions) by race because small sample sizes.
Fourth, the JoCo OA Project does not conduct magnetic resonance imaging, which is used
increasingly in clinical studies for examining clinical features and results in earlier detection
of structural changes. The effect of this cost prohibitive method is unclear as more incident
cases would likely be detected along with a corresponding increase in exclusion of prevalent
baseline cases. Fifth, radiographs of patello-femoral joints were obtained for a subsample
only and therefore estimates are based on tibio-femoral knee OA only. Omission of this
assessment likely resulted in underestimation of all OA outcomes, especially among blacks
who, in a previous Project study, were more likely to have patello-femoral knee OA than
whites (40).

A major study strength is that we systematically examined five knee outcomes among
middle-age and older adults in a more contemporary and relatively large population-based
sample using statistically rigorous methods with clinically confirmed radiographic measures.
We believe that this is the first report to: 1) describe incidence of severe symptomatic OA, a
potential indication for knee replacements, and 2) systematically examine impact of cohort
attrition in knee OA incidence. We generated estimates across multiple socio-demographic
characteristics and risk factors. In particular, we addressed a major gap in the literature by
providing race-specific IRs.

The generalizability of our JoCo OA Project study findings to the contemporary US
population is unclear. Although there are some similarities in distributions of socio-
demographic characteristics, there are substantial differences in income and BMI.
Distributions of age, sex and race in the entire eligible baseline sample (1991-1997) were
close to the US population in 2010; however, after attrition, there was a slightly higher
proportion of middle-aged adults, women, and whites in the analytic population (41). The
proportion of the analytic population below the poverty line was almost twice that of the
2010 US population (24 and 13%)(42); patterns in IRs across income suggest our overall
estimates are potentially higher than would be observed in the US. The baseline (1991-
1997) prevalence of overweight (43%) and obesity (27%) in the analytic population was
higher (32%) than among US adults age = 20 years (23%) in the same era (1988-94). By
2009-2010, however, US prevalence of overweight was the same and obesity prevalence
was even higher (36%) (38, 43, 44) than in our study. The higher IRs for those who were
obese in the JoCo OA Project may provide an important glimpse into future burden of knee
OA among US adults.
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Knee symptoms and knee OA can be highly disabling conditions which reduce quality of
life. Self-management strategies, which complement clinical care, are an inexpensive,
convenient and evidence-based approach for reducing arthritis symptoms and improving
quality of life (http://www.cdc.gov/arthritis/interventions.htm). Engaging in 150 minutes of
physical activity each week, in as little as 10 minute increments, reduces pain (effects
comparable to NSAIDS(45)) and physical limitations(45, 46), and decreases levels of
depression and anxiety (46). Participation in self-management education classes can lead to
sustained increased self-efficacy (i.e., confidence in their ability) which can lead to greater
adherence to medication and other health recommendations (47, 48).

Our estimates indicate the substantial rate of knee OA outcomes and those who are
disproportionately susceptible. We have provided a potential preview of the burden of knee
OA in the US resulting from endemic obesity which highlight the urgency for clinical and
public health practitioners to work together to decrease the current and future impact of knee
OA.
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Innovation and Significance

Each year 6% developed knee symptoms and 2% developed symptomatic knee
osteoarthritis. Elderly adults (age = 75 years), and those who were obese or had
a history of knee injury or a low annual household income (< $15,000) were at
an even higher risk.

We estimated the annual incidence of severe symptomatic knee osteoarthritis, a
potential indication for knee joint replacements. Each year 0.8% developed this
highly disabling outcome.

The racial diversity of the Johnston County Osteoarthritis Project provided the
opportunity to generate race-specific incidence rates for knee symptoms and
four knee osteoarthritis outcomes. Our study addresses a substantial gap in the
knee OA descriptive literature: the absence of estimates for blacks who, in the
US, are among the fastest growing demographic groups. The largest difference
in estimates was for symptoms, where incidence rates were approximately 1 to
1.5 percentage points higher among blacks than whites in all analyses.
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Distribution (weighted)” of baseline socio-demographic characteristics, knee OA risk factors, and presence
and severity of knee symptoms in the overall analytic population (n=1,518)"

%

Socio-demographic characteristics

Age (years)
45-<55 58
55-<65 22
65-<75 15
=75 5
Sex
Men 42
Women 58
Race
Black 21
White 79
Marital status
Never married 5
Married 72
Separated/Divorced 11
Widowed 13
Highest education ¥
< High school 11
Some/completed high school 55
> High school 34
Annual household income §
$0-<$15,000 24
$15,000-<%$35,000 29
>$35,000 29
Don't know 6
Refused 11
Knee osteoarthritis risk factors
Self-reported BMI at age 18 (kg/m?) /1
Under or healthy weight (<25) 90
Overweight/obese (=25) 10
Clinically measured BMI at baseline (kg/m?) Vi
Under/healthy weight (< 25) 30
Overweight (25 -<30) 43
Obese (=30) 27
Obese Class | (30 — < 35) 18
Obese Class = I (=35) 9

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 January 16.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Murphy et al.

History of knee injury

No

Yes

Presence and severity of knee symptoms
Symptoms (pain, aching and/or stiffness)
None

Yes

Severity of pain

No symptoms

Mild

Moderate

Severe

%

84
16

64
36

64
14
17

Percentages may not sum to 100% because of rounding

*
Weighted to 2000 population of six townships in Johnston County

Page 20

TMissing values for the analytic sample were: marital status (n=2); highest education (n=3); annual household income (n=1); BMI at age 18

(n=51); baseline BMI (n=51); history of knee injury (n=43); presence of symptoms (n=20); and severity of symptoms (n=25).

iEducation was categorized based on total years of schooling: < high school (0-<9); some or completed high school (9-13/GED [general
equivalency high school diploma]); and > high school (= 14).

§

In 1990, $15,000 was the US poverty threshold for a family of five

!

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 January 16.

BMI at age 18 was calculated from self-reported weight at age 18 and height measured by Project staff at baseline; BMI at baseline was
calculated from weight and height measured by Project staff at baseline clinic examination



Page 21

Murphy et al.

(t-800 TT (6T-2¢T) ST (Lz-.T) <2¢ (ze-za) 9¢ (e9-9%) ¢S 000'S€$>— 000'ST

60-v0) 90 (62-02 vz (ce-£2) 87 (6c-82) «¢gg $tUB-€9) 000'ST$> — 0%
,3L02UI pjoyasnoy [enuuy

(€1-90 60 (T1-60 2T ((e-s1) 6T (Te-02) G (€5-8¢€) ¢&¥ 100yas ybiy ueys Jsresl

(60-90 L0 (0z-v1T) LT (8¢-6T) €¢ (ee-92) 6¢ (T2-99 €9 [00yos ybiy parsjduwios/swios

€1-50 80 +WE-E€D gz (cz-v¥T) 6T (Sv-82) SE (@L-8%) 6% [00ys ybiy uey) ssa
/ uoleanpa 1saybiH

(60-90) 80 (6T-¥T) 9T (€¢-8T) o0z (ce-s2 8¢ (65-8%¥) €6 aNUM
(Tt-90) 60 (z-91) 6T (e-81) &Gz (e-12 8¢ (6L-v9) 99 oelg
adey
(tt-20) 60 (6T-¥1T) LT (Qe¢-6T) €z (ee-92 8¢ (99-99) 09 USWoM
(60o-v0) 90 (Tz-¢1) LT (e-91) 6T (ce-¥2) 8¢ (6G-¢€¥) 06 UsIN
XaS
(81-50) 60 (§5-1¢) T¥ (@S-¢a) ve (LL-¢v) LS (98-TG) 99 GI=
(w1-20) o1 (¢e-ve) 8¢ (1e-¢a) 9z (Ts-6€) Sv (89-8YV) LG 7.-G9
(r1-80 1T (6T-21) ST (8¢-0°) vz (Le-82) ¢eg (89-¥S) 19 ¥9-GS
®o-v0) 90 $OT-0D z1 (ez-v1) 81 +OT°LD 1z (T9-9%) €5 y5-Gr

(s1eak) aby

SO11S11810B1RYD
o1ydeabowap-0190S

(01-10) 80 (5z-6T) ¢z (8z-12 e (0v-c¢¢e) o9& (£9-€9) 8§ gPoZIpJepUEIS -Xas pue -aby
(60-10 60 (@1-¢1) ST (Wez-8T) Tz (Te-v2) Lz (19-19 96 gPazIpsepUElS-30Y
(60-200 80 (6T-5T) 2T (rz-6T) Tz (e-52) 8¢ (19-TS) 9§ HIBIBAO
(109%56) %  (10%S6) %  (10%S6) %  (10%S6) %  (1D%S6) %

Eu_HmEoEE\Aw aydeboipey
EYEVENS EYEENS snewoldwAs siydesBoipey swoldwAs

SNIAYIIe09ISO

10198} XS1I SIILIYLIBO0A]SO 93Uy pue SINslIaioeleyd
o1ydesBowap-0100s Ag pue [[eJan0 ‘SawodInNo O pue swoldwAs aauy JO S[eAls)ul 30USPIJU0D 9466 pue ( 81dosd QQT Jad) S81es 8auspIdul [enuuy

€9l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 January 16.



Page 22

Murphy et al.

‘(#T 2) 100y3s ybiy < pue ([ewordip jooyds ybiy Asusjeainbs jessush] 39/¢T-6) 100yds ybiy pais|dwod 1o swos {(6>-0) [00Yds ybiy > :Burjooyds o siesh |10l uo paseq paziiobayed sem uolesnp3

Author Manuscript

uotre|ndod sn pajosfod 00z 03 pasnipy,

!

§

"WVO 211ewoidwAs a1anas pue ‘olydesBolpes 81aAss ‘a1rewoldwAs) sawoaIno O 98y 10) uediubis Ajfeonsnels
Sem (|1 Z SSe|D 8saqo ‘| SsejD 8sago ‘Jybiamuano ‘Jewlouybiamiapun) [9As] Jnoy ‘(drewoldwiAs alanss pue ‘olydelfolpes a1anss ‘OrewoldwAs ‘o1ydelfolpes) sawoaIno O Jnoy |fe 1oj Juediyiubis
Alleonsiels sem (8saqo ‘Jybiamiano :fewsouayblamiapun) [aAs] 931y} NG painseaw Ajfeatut]d "(jana] aoueaisiubis paisnipe-luoiiaguog) 21000 = P 1 1531 PIeAA [[B49A0 UO pased Juedliubis Ajjeonsniels

t

(0T-9°0=10 %56 ‘8°0) YO d1rewoldwAs 818Ass pue :(T°Z
—9'T=10 %56 ‘8'T) VO dlydeifolpel 81anss !('2—6'T=10 %S6 ‘¢'2) VO d1rewoldwAs (i'€-8'2=10 %G6 ‘T'€) VO d1ydeiBoipes ((T'9-T'G=1D %G6 '9'G) SWoldwAs :a1om sisA[eue ANARISUSS uonLIe Ul S|

1

sieak-uosiad QQT Jad SaseI Mau Jo Jaquinu 0} JudjeAInba si wuasdlad [enuuy
*

(oz-t1) ST (We-T12) L2 (Sv-82) &€ (86-1€) 9F
+(80-50 ;o $+QT-€T) g1 3@2-9T) g1 3(62-£2) g7
(0z-90 71T (e5-T¢) T¥ (2e-sT) ¢ (1s-€2) &€
(L1-60 €1 (e-21) 71Tz (v-92 +ve (6v-82 L€
(91-600 <¢1 (ce-¢€2) 1z (6e-¥2) 1€ (v-627 L€
(0t-50 20 (0z-z1) ST (e2-917) 6T (2e-¢2) L¢
+(G0-€0) g $(0T-50 ;g $(§T-60 z1 +(GT-9T) g7
(61-90 0T (@v-22 o0¢ (Te-¢€1) 0¢ (BZ-€T) 67T
©0-90 o +B®T-€T g1 (z-81) Tz (2€-92) 62
(@t1-v0 10 (6c-¢1) 6T (¢e-91) ¢€¢ (Wvr-92 +v¢e
(91-90 01 (te-60 LT (5e-ST) ¢€¢ (Uv-92 +v¢e
(ot-v0) 90 (1-90 TT (e2-60) +vT (T€-9T) ¢€¢
(10%56) %  (10%s6) %  (10%S6) %  (1D%S6) %
tu_HmEoEE\Am aiydesboipey
EYEVEIN EYEVEIN onewoldwAs o1ydeaboipey

SNIAYIIe091SO

(e2-T¥) 9S
(T9-19 96
(91-v¢) TS
(L6-19 1L
(L8-99 0L
(T9-9%) €5
(Ls-1%) 67
(Lg-¢€€) €9
(T9-09) &6
(99-6€) TS
(re-v9) LL
(Ss-ve) ¢€v
(10 %56) %
swoldwAs

SOA
ON
Ainfur aauy Jo A101SIH
(G€=) 11 = sse1D 35900
(5e>-0€) 1 sse|D 8s8q0O
(0g ) 8seq0
(0£>-G2) WBIaMIBAO

(5z>)rewoNyBranuspun

W8 INE
auljaseq painseaw Ajfeaiund

(52=) 8s8q0AYBIBMIBAO

(Gz>)1ewioNAYBIBMIBPUN

) abe
1e (;w/B) 1Ng paviodal-yjes

510198} XSI1 YO 33U
pasnyay
MouY 3,uog

+000'S€$

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 January 16.

Arthritis Care Res (Hoboken). Author manuscript



Page 23

Murphy et al.

s1a1aW ‘w ‘swelbojiy ‘Bx ‘xapul ssew Apoq ‘[ING
ured a1anas pue (ssauns 4o ‘Buiyoe ‘ured) swordwAs Jo mucwmen_t
UOITRUILIEX D1UI[D Bulfaseq

1e yJes 109f01d Aq painsesu yBiay pue JyBram woly pareInojed sem auljased 1e [Ng ‘auljaseq 1e jeis 108loid Aq painseaw 1ybiay pue gT abe 1e 1yBiam paniodal-j|as Wwoly pare|nofed sem gt abe 1e [INg
£

A1 Jo Ajiwey e Joj pjoysaiyr Auianod SNyl sem 000'STS$ ‘066T c_=

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 January 16.



Page 24

Murphy et al.

(et1-200 o1 We-v¥1 61T (e-61) 9z (6e-T2) 8z (58-69) T2 UBWOM
(0t-v0) 2o (@z-v1) 61T (e-91) ¢e¢ (Le-T2) 8¢ (§L-Lv) 66 usiy
f0elg
X8S
(81-50) 60 (€5-62) ov (05-T2) ¢e (LL-T¥w 95 (€8-6% V9 GI=
Ww1-200 o1 (ce-€2) Lz (0e-12) Gz (2s-8¢) +vv (§99-G%) v'§ 7.-G9
wr1-80 1T @®T-2T) ST (e-61) €¢ (Le-r2) ze (L9-zT9) 66 ¥9-GS
(80-¥0) 90 (91-60) ¢T (Tz-€1) LT (9z-2T) Tz (6S-€¥%) 0§ vS-Gy
SHUM
(cz-s00 1T (T2-€€) 6% (L19-52) T¥ (88-0%) 65 (60T-8S) 08 G2
(L1-80) 21 (Sv-v2) ¢€¢ (ev-€2) ¢e (29-9¢) L¥v (98-€9) 89 v.-G9
(61-600 €1 (5z-¢€1) 81T (0Ov-T2) 62 (G¥v-92 €€ (16-09) V. ¥9-G§
(60-50 20 (6T-TT) ¥1T (Te-51) Tz (ce-91) ¢z (LL-T9) €9 ¥5-G¥
foelg

(s1eak) aby

sonsLislorIRYO d1ydelfowsp-0100S

(01-90) 80 (92-11) Tz (z-61) €z (v-18) s¢ (T9-6%) &S $POZIPIEPUEIS X3S PUE -30y/
(60900 20 @121 ST (€21 o0¢ (veve) Lz (668W) €§ pazipJepuers-sby
(60-90 80 (T-¥'T) 9T (€2-8T) 0¢ (ce-52 8¢ (65-8%) €§ apnio
I
(€1-20) 0T (c€-02) 9z (1e-2z2) 827 (BY-62) 1€ (Z8-19 89 1PRZIPIEPUEIS-X3S PUE 36
(Tt-90 60 (ez-v1) 81T ((Fe-81T) Gz (8e-12 8¢ (08-59) L9 pazipepuess-aby
(Tt-90 60 Wz-91) 6T Fe-81) Sz (Le-12) 87 (6L-¥9 99 apnIo
H0elg
[IZELe]

(10%S6) % (10%S6) % (109%S6) % (10%S6) % (10%S6) %

o OmewoldwAs  sydesbolipey

a18Mas a1anas onewoiduwiAs o1ydeabolpey swordwAs

1510108} XS SIIIYLIL03ISO 98Uy pue salslialoeleyo olydelbowsp
-0120s AqQ pue [[eJ3A0 ‘S3W03IN0 YO pue swoldwAs sauy JO S[eAIalUl 30U3PIIL0D 94G6 pue (81doad QOT J4ad) sarel ouspIoul 014103ds-80e. [enuuy

v alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 January 16.



Page 25

Murphy et al.

Author Manuscript

(0T-50)

(Z1-10)
(91-90)
(60-70)
(r'1-L0)
(6'0-v0)

(ST-+0)
(6'T-L0)
(c1-v0)
(8'1-80)
(01-50)

(e1-90
(6:0-9°0)
(eT-50)

(5T-90)

(1790
r'1-90)

(TT-L0)
(6'0-+'0)

(10 %%6)

L0

60

80

01
80

60
90

%

o1irewoldwAs
*¥

EYETEIS

(Te-¢e1)

(62-€T1)
(ce-60)
(81-90)
(0z-171)
(62-02)

(0e-21)
(ce-60)
(81-90)
(Tz-171)
(ce-871)

(L1-6°0)
(0z-¥1)
(re-22)

(8T-60)

(ez-€1)
(6€-22)

(6T-€7T)
(0z-¢71)

(10 9%56)

91

[

L'C

o
81

91
91T

%

olydeaboipey

ESEVEIS

(5e-871)

(ze-91)
(5e-v'1)
(zz-60)
(Lz-L1)
(ee-172)

(0r-91)
(6€-51)
(Te-L0)
(r'e-91)
(6€-2¢2)

(€ez-v1
(92-6T)
(rz-€71)

(Te-51)

(8€-6T)
(0e-sT)

(5z-871)
(ez-s1)

(10 %56)

§¢

87T

87

a4
Le

(x4
87

%

oirewoldwAs

(Tv-22

(Sv-92)
(6v-92)
(Te-L1)
(ee-22)
(cv-872)

(Lv-12)
(8v-2c2)
(Le-21)
(9e-2T)
(Tv-+2)

(1e-02)
(e€-52)
(ov-12)

(re-LT)

(6€-072)
Ly-572)

(e€-672)
(re-+72)

(10 9%56)

0¢

S'¢

9¢

v'e
8¢

6'¢
8¢

%

olydeaboipey

(VAL

(9°9-6°¢)
(e6-19)
r's-ve)
(e'9-97)
(58-19)

(§'2-07)
(€01 -v'9)
(z9-v¢)
(T'2-97)
(L6-29)

(Ts-L¢)
(69-¢€9)
(6'9-51)

L9-1v)

(06-09)
(r'8-¢€9)

(r9-z9)

Ls-0v)

(10 %56)

swordwAs

€9

54

9's

'S
€L

8'S
8V

%

(§z>)rewioNAyBramispun
Hoelg
1,87 30e 1e (zw/6x) 1N g parodal-yles
$10198} XSII YO 99U
pasnyay
Mmouy| Juoq
000'Ge$ <
000'GE$>— 000'ST
000'ST$> - 0%
UM
pasnyay
Mmouy| Juoq
000'Ge$ <
000'GE$>— 000'ST
000'ST$> - 0%
%oelg
/ 3WOdUI pjoyasnoy [enuuy
100yds ybiy ueyy Jsyealo
SH paig|dwod/awos
Jooyos ybiy ueyy ssa
UM
100yds ybiy ueyy Jsrealo
SH pale|dwod/awos
Jooyas ybiy ueyy ssa
Hoe|g
mco_umusvw Hmm_._m__n_
USWOAN
Us|N
SHUM

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 January 16.

Arthritis Care Res (Hoboken). Author manuscript



Page 26

Murphy et al.

‘(#T ) 100y2s ybiy < pue ([ewodip jooyas ybry Asusjeainba [essush] 39/£T-6) 100yas ybiy pars|dwod 1o awos (6>-0) |00Yds ybiy > :6uljooyas 4o sieaA |10} uo paseq paziioHared sem uonesnNp3

Author Manuscript

§

uonrendod SN payosfod ooz 03 pasnipy

t

GZT00°0 = 12 158) PIAA [[BISA0 UB UO Paseq Saousiajilp Juedliubis A|[eonsnels ou aiam alay L

1

sieak-uosiad QQT Jad Sased Mau Jo Jaquinu 0} JuajeAlnba si wuadlad [enuuy
*

(6T-0T)
(8'0-50)

(9z-11)
(0T-90)

(¢z-90)
(81-60)
(L'1-6'0)
(T'1-50)
(s0-€0)

(0z-50)
(L'1-80)
(9'1-80)
(60-10)
(9°0-20)

(6T-50)
(6:0-90)

(8T-50)
(10 %%6)

'’

[
o

L0
¥'0

L0

0T
%

o1irewoldwAs
*¥

EYETEIS

(e€-02)
(L1-27)

(§v-¢€72)
(ez-¢€T1)

(6'5-0€)
(Te-571)
(8€-12)
(cz-21)
(T1-50)

(6'5-0¢)
(Te-sT1)
(8€-12)
(cz-21)
(T1-50)

(0v-T2)
(81-27)

(Lv-272)
(10 9%56)

9¢

44
(44

91
L0

ST

€€
%

olydeaboipey

ESEVEIS

(ev-92)
(Tz2-91)

(€9-1¢)
(ze-LT)

(ze-v'1)
(ev—-92)
(Le-v2)
(ez-51)
(sT1-60)

(Le-971)
(6'5-52)
(05-¢€2)
(62-971)
(6'1-6°0)

(62-21)
(€z-L71)

8e-vT
(10 %56)

€€

¢
€€

6T
T

0¢

o4
%

oirewoldwAs

(85-L¢)
(62-22)

(L9-v¢)
(9e-6T)

(e5-€72)
(6v-672)
(97 -0¢)
(ee-22)
(9z-97)

(cs-22)
(95-¢€2)
(T5-+2)
(re-072)
(82-¢T1)

(62-21T)
(ze-572)

(ze-€1)
(10 9%56)

v
9¢

§'€
8¢

LC
X4

6'¢

0¢
%

olydeaboipey

(T2-0%)
(6'5-87)

(06-87)
62-¥9)

(0L-¢¢)
(7'6-95)
('8 -19)
(85-€v)
(95-01)

(6'8-6°€)
(91T-0'2)
(€01 -¢€9)
(L'L-67)
(9'2-97)

(g8-z¢)
(09-8%)
(ToT-L€)
(10 %56)

swordwAs

€9
€9

Ly
L

0'S
8V

€9

79

SOA
ON
AN
SOA
ON
Hoelg
Aunfur aauy| Jo A10isiH
(5e=) 11 = sseD 98300
(5>-0€) 1 SsBID 95900
(0£=) 8seq0
(0g>-G2) bremiano
(Ge>)rewoNAyBramIapUN
SHUM
(G€2) 11 = sse[D 85990
(Ge>-0€) | SsB|D 85990
(0£=) 8saq0
(0g>-G2) bremiano
(Gz>)lewioNAyBIBMIBpUN
felg
|,3utieseq
18 (;w/Bx) 1ING painseaw Ajfeaiul|o
(G2=) asaqoppubamIan0
(§z>)rewioNyBramispun
SHUM
(52=) 8saqoubIBMIBAO

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 January 16.

Arthritis Care Res (Hoboken). Author manuscript



Page 27

Murphy et al.

s1a18W ‘W ‘swelbojiy By xapul ssew Apoq ‘[ING

ured a1ans8s pue (ssauyns 4o ‘Buryoe ‘ured) swordwAs Jo aduasald
x¥

UOITRUILLIEXD DIUIJD BUI|3SEq

1e Je1s 109f01d Aq painsesu yBiay pue JyBiam woly pareInojed sem auljased 1e [Ng ‘auljaseq 1e jess 10aloid Aq painsesw 1ybiay pue gT abe 1e yBiam pariodal-j|as Woly pare|nofed sem gt abe je __>_m_=.

/
Author Manuscript Author Manuscript Author Manuscript Author Manuscript

A1y Jo Ajiwey e 1oy pjoysaiyl Auianod SN 8y sem 000'STS$ ‘066T Ul

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2016 January 16.



